. lRcview prepared for a study of "Emerging Agricul- even under poor management conditions. Composition of milk (fat, protein, lactose, cholesterol, minerals, and vitamins) is not substantially altered when bST is used and does not differ in manufacturing characteristics.
One of the first Jotential biotechnology products for animal production is bST. Research in the technology of bST has involved scientists and support from federal agencies, universities, and private industry. As a consequence of this extensive cooperation, more than 1000 bST studies have been conducted, which involved over 20,000 dairy cows, and results have been co~umed by scientists throughout the world. This quantity of published research is Wlprecedented for a new technology and greater than most dairy technologies in use. In contrast to steroids. bST is a prot~in honnone. Milk yield and persistancy responses to bST have been observed for all dairy breeds examined. Quality of management is the major factor affecting magnitude of milk response to bST.
The mechanism of action of bST involves a series of orchestrated changes in the metabolism of body tissues so that more nutrients can be used for milk synthesis. It is these coordinated changes that allow the animal to achieve an increased milk yield while remaining normal and healthy . Bioenergetic studies demonstrated that bST -supplemented animals are not stressed. Similarly, there are no adverse health effects from bST even under poor management conditions. Composition of milk (fat, protein, lactose, cholesterol, minerals, and vitamins) is not substantially altered when bST is used and does not differ in manufacturing characteristics.
Public perception is of paramoWlt importance if bST or any new technology is to be effectively implemented.. New technology must be Wlderstood and perceived as safe and beneficial both by farmers, who would utilize it, and consumers, who would purchase the dairy products. With bST use, a unit of milk is produced with less feed and protein supplement and with a reduction in animal excreta (manure, urine, and methane). Nationally, the use of bST simply reinforces, but does not fundamentally change, dairy industry trends of increased milk yield per cow, reduced number of cows, and declining dairy farm numbers. For individual farms, bST technology is size-neutral. However, poorly man ed farms where animals are stressed, e ed., or sick are at an economic di a vantage because they will achieve negligible milk response to bST. unit of feed input. Productive efficiency for dairy cows, therefore, can be defined as "the yield of milk and milk components in . ratio to the nutritional cost of maintenance, lactation and of returning the cow to the level of body condition that existed before the onset of lactation" (11. p. 583) .
Physiological limits of animal production were reviewed in 1952 by Sir John Hammond (37) . He pointed out that with each major improvement in productive efficiency some have expressed concern that these practices may be "pushing" the dairy cow too far, thus compromising health and shortening productive lifespan. Hammond did not share that concern, and, indeed, milk yield per cow has more than doubled over the past fOUI decades, resulting in substantial increases in productive efficiency of dairy cows. These changes have OCCWTed without any adverse effect on productive lifespan as assessed from national DHI records for the average age of the lactating dairy herd. From the performance of genetically superior cows, such as Beecher Arlinda
Ellen, who averaged 69 kg of milkJd for her record lactation, it is apparent that dairy cows can achieve substantially greater milk yield and productive efficiency without compromising health and longevity.
Biotechnology has been heralded as a development that will have a revolutionary impact on agriCUlture. In large part, the application of biotechnology to animal production depends on developing an understanding of the physiological basis for animal differences in productive efficiency. Genetically superior animals differ from lesser animals mainly in their regulation of nutrient utilization, and concepts of how this regulation occurs have been established (9, 11) . Recent work has demonstrated that somatotropin is a key control of nutrient use. When administered exogenously, bST markedly improves productive efficiency in lactating cows. Thus, it is one of the first potential biotechnology products for animal production. My literature search on bST indicates that there are well over 1000 references involving over 20,000 cows. The Animal Health Institute (c. J. Peel, personal communication) indicates that bST studies cWTently in progress worldwide involve an additional 21,000 dairy cows. Throughout the remainder of this review, logic and space constraints reJournal of Dairy Scieoce Vol. 74 , No. 11, 1991 quire that references be limited with emphasis on review citations.
STATE OF THE ART Background
Somatotropin is a hormone, that is, a chemical produced by one organ or ceU and then transported to another to cause a biological effect. Thus, a hormone is a chemical messenger that allows communication among different ceUs and organs of the body. Somatotropin is produced by the anterior pituitary, a small gland located at the base of the brain, and is transponed by the blood to various body organs where it has biological effects. The term "hormone" has taken on negative connotations in recent times, primarily because of athletes illegally using massive doses of steroids. However, the chemistry of hormones is as diverse as their biological functions. For example, vitamin D is a steroid hormone, and pasteurized milk. is fortified with vitamin D.
Somatotropin is a protein. This is in contrast to steroids, which are nonprotein hormones. All proteins, including protein hormones, are composed of amino acids. There are 20 different amino acids, and these are combined in specific sequences to form the more than 10,000 different proteins in the body. The amino acid sequence of somatotropin is known for many species, including cattle (47, 91) . The bST produced by the pituitary gland can either be 190 or 191 amino acids long and can have either of two different amino acids (leucine or valine) at position number 126 in the protein sequence (92) . Thus, fOUI different variants of bST are produced naturally. Typically, pituitary production of bST involves approximately equal amounts of the 190 and 191 amino acid proteins, and about two-thirds of the total produced has leucine at position 126, while the remaining one-third has the amino acid valine at position 126.
Somatotropin must be injected to be biologically active (43) . The digestive tract secretes enzymes that break. proteins down to amino acids that then are absorbed. If somatotropin is given orally, it is broken down to amino acids in the digestive process just like any other dietary protein. This is true for all large protein REVIEW: BOVINE SOMATOTROPIN 3915 hormones in all species. For example, human diabetics have to take insulin injections because insulin, another protein hormone, is inactive if taken orally. Similarly, humans deficient in somatorropin must take injections of human somatorropin (hST) because it is inactive when consumed orally. The rat has been used as a test species because bST is biologically active if injected into rats. Studies have demonsrrated that, when fed to rats, bST was inactive even at a daily dose (W1.its per BW) equivalent to 2.3 million times what a human would be exposed to in five 8-oz glasses of milk (43, 78) .
Somatotropin is referred to as "species specific" in the scientific literature, but "species limited" would be a more accurate description. This means that there are differences in the ability of somatotropin from one species to elicit biological effects in other species. In order to have a biological effect, a protein hormone must first bind to a specific receptor located on the cell surface. The amino acid sequence of somatotropin gives it a unique three-dimensional shape, and this shape determines whether the protein will be able to bind to tissue somatotropin receptors and elicit a biological response. Over 25 yr ago, it was discovered that some types of human dwarfism were due to an inadequate pituitary production of somatotropin. Because hST was scarce, physicians conducted an extensive series of studies treating these patients with injections of bST. These clinical studies unifonnly demonstrated that bST elicited none of the biological actions of somatotropin in humans even if injected (43 , 47, 91) . Similarly, somatotropin isolated from the pituitary glands of sheep, pigs, and whales was also ineffective in humans. Biological activity in humans is only observed if somatotropin from primates is used. The basis of the lack of effect of bST became clear when the amino acid sequence was identified.; the sequence of bST differs by about 35% from hST (91). Thus, the threedimensional shape of bST differs from hST, and bST is not able to bind to the somatotropin receptors of human tissues (40, 43) . In contrast, ovine somatotropin and bST differ in only one amino acid position, so bST is biologically active in sheep.
Recombinantly derived bST products differ slightly from the bST produced by the pituitary gland in that the manufacturing process can lead to a few extra amino acids attached to the end of the bST molecule. The number of extra amino acids varies from 0 to 8, depending on the particular manufacturing process (43) . Lay articles have claimed that this change and the fact that recombinantly derived bST is produced by bacterial ribosomes render the product hyperpotent and dangerous to humans (25 . 52, 53, 76) . Such claims reveal an inadequate knowledge of biology and protein chemistry. The additional few amino acids on the end of the protein do not alter the biological activity of bST in dairy cows or the lack of activity of bST in humans because the threedimensional shape of the active part of the molecule is not changed (91) . Similarly, the three-dimensional shape of bST is determined by the sequence of amino acids and not by whether bacterial ribosomes or bovine ribosomes were utilized for the synthesis. When purified in the same manner, recombinant bST and pituitary bST are equally potent in a b0-vine liver receptor-binding assay or rat growth bioassay (55, 92) . The pituitary-derived bST purified by A. Parlow (for National Institutes of Health and USDA) has a number of artifacts inrroduced in the purification process (12) , and milk yield responses of dairy cows to these preparations is lower than to recombinantly derived bST (10, 56) . When these same artifacts were produced with recombinantly derived bST, the effect on milk yield also was lower than with authentic recombinant bST (48) .
Somatotropin was discovered over 50 yr ago. Initial investigations showed that when growing rats were injected with a crude pituitary extract, growth rate was increased. This extract factor was called somatotropin from the Greek derivation meaning "tissue growth". Based on this derivation, somatotropin is sometimes referred to as growth hormone, or GH.
It was not until a number of years later that scientists discovered that this crude pituitary extract also affected lactation in rats. The first studies with lactating cows were reported in 1937 by Russian scientists (2) . Through the next 40 yr, there were advances in protein chemistry such that the somatotropin preparations gradually improved in purity, and several dozen studies were conducted with dairy cows. could only involve small numbers of cows treated for a few days . Second, the mechanism of action for bST was thought to involve an acute stimulation in the use of body fat reserves . Thus, scientists thought it would only work in fat cows with low milk yield, and all srudies used only low producing cows (generally less than 7 kg of milkId). None used high producing cows, because the assumed mechanism (acute mobilization of body fat reserves) might cause ketosis and adverse health effects.
In the late 1970s, two groups, Bines and Hart (National Instirute for Research in Dairying, Shinfield, England) and Bawnan and coworkers (Cornell University), began to work on bST based on two lines of reasoning. First, it became clear that the physiological basis for genetically superior cows being more efficient in milk production was due to differences in regulation of the use of absorbed nutrients (7, 11 , 13) . Second, new concepts were developed to explain how an animal regulates the use of nutrients (7). Based on those concepts, it was hypothesized that somatotropin could play a key role and that the previously proposed mechanism of action was wrong. In the last decade, a key role for somatotropin has been established, and these concepts have been applied to the regulation of nutrient use during growth, pregnancy, and lactation for most species. Initially, these investigations utilized piruitary-derived bST. However, the landmark breakthroughs in biotechnology allowed production of bST by recombinant DNA technology and, in 1982, the first srudy was conducted with dairy cows using recombinantly derived bST produced by Genentech Inc. and Monsanto Co. (8) . Since that time, the quantity and scope of the research with bST have increased exponentially.
Production Responses
Quality of management will be the major factor affecting the magnirude of milk re- sponse to bST (5, 19, 20, 69) . This concept is qualitatively illustrated in Figure 1 . Across 45 field trials conducted in the US, Europe, and Africa, a correlation of .58 was observed between pretreatment group milk yield (an indication of management quality) and milk response to bST (69) . A similar variability in gain is observed when AI (superior sires) is used in herds that vary in management quality and is accommodated in sire evaluations by using herdmate comparisons.
Facets that constitute the quality of the overall management program include the herd health program, milking practices, nutrition protrram, and environmental conditions. Several long-term srudies have had management so inadequate that a near zero response was observed with bST supplement. In three of these cases, nutritional management was inadequate (61, 69) , and, in the one case, deficiencies existed in the environmental, nutritional, and milk:ing-marnmary health dimensions of the management program (62) . Adverse health effects were not observed in any of these srudies; cows simply had negligible milk response to bST supplement. The srudy by McCutcheon et al. (61) serves as an example because the quality of nutritional management varied over the course of the 26-wk treatment period. Cows were fed only pasrure, and milk: responses to bST were greatest (+18%) in the spring when pasrure supply was adequate, declined to zero during the summer drought, but were again significant during the fall when pasture supply was good. Bovine somatotropin is not magic! If cows are given an inadequate amount of feed or are fed a diet without adequate nutrient balance, then the magnitude of response to bST will decrease according to the extent of the inadequacy (Figure 1) .
Milk. yield gradually increases the first few days of bST treatment, reaching the maximwn about the 6th d (42, 68) . The magnitude of response in milk yield is related to bST dose (68) . A maximum milk response is achieved at a bST dose (daily injection) of about 30 to 40 mg/d, and no further increase occurs even at doses several -fold higher. Most production trials have used bST doses between 10 to 50 mg/d.
Exogenous bST must be present every day in order to continue an augmented milk response (19, 68) . The reason is that bST is cleared rapidly from the bloodstream and is not stored in the body. Clearance (removal) is by normal body mechanisms and involves breaking the protein down to amino acids .
Thus, to achieve a sustained increase in milk yield, one needs to give daily injections or use a prolonged-release formulation of bST. Several prolonged-release formulations have been developed that are a small volwne administered by subcutaneous injection at intervals ranging from 2 to 4 wk (19, 20) .
Commercial use probably would be over the last two-thirds or three-fourths of a lactation cycle because response varies according to stage of lactation. In general, the milk response is very small or negligible when bST is administered in early lactation during the interval immediately postpartum and prior to peak milk yield (5). The biological basis for this low response relates to the nutrition-endocrine status of the animal during this interval. In contrast, substantial increases in milk yield occur when bST is administered after peak yield of milk is attained. Lactational responses to bST have been reported for all dairy breeds examined, including North American and European breeds as well as Murrah buffalo. In addition, animals of different parity and genetic potential are responsive to bST (18, 20, 68) .
Marked improvement in persistency of lactation occurs in cows receiving bST (18, 19, 20, 68) . The greater overall milk yield with bST supplementation occurs in part because of an immediate increase in milk yield but especially from a reduction in the normal decline in milk yield, which occurs as lactation progresses.
Individual variation in response to bST supplement has been examined. When a group of cows within a herd is treated with bST and each cow ' s response is compared with her individual milk yield prior to bST supplementation. a range in responses among cows is observed. In a few instances. this has been cited as evidence of individual variation in response. However, this is misleading at best. All studies with bST have shown that the variation within bST -supplemented groups is similar to that of untreated groups (6, 69) . Thus, to a large extent. all cows in a herd respond to bST in a fairly similar manner, and the bST -supplemented cow that "appears" to be a low responder simply matches the control cow that produced less than expected.
Nutrient requirement tables are unchanged for bST-supplemented dairy cows (9, 18, 68) . The basis for this is rwofold. First. digestibilities of DM, C, N. and energy are not altered when lactating cows receive bST. Second, bioenergetic studies have demonstrated that bST does not alter energy expenditure for maintenance or the partial efficiency of milk synthesis. Thus, the tabular values of nutrient requirements for maintenance and per unit of milk remain valid when bST is used for dairy cows. [Note: use of somatotropin for growing animals will require modification of both the maintenance and growth components of the nuuient requirement tables because of the shift in the type of growth (increased protein and decreased lipid accretion rates) .]
Voluntary intake increases in bSTsupplemented dairy cows. This increase in voluntary intake occurs after a few weeks of bST supplementation, persists throughout the interval of bST use, and has been consistently observed across a wide range of diets (18, 19. 20. 68) . The magnitude of increase in feed intake is dependent on the response in milk yield and the energy density of the diet (20) . Overall, cows supplemented with bST adjust their voluntary intake in a predictable manner related to the extra nutrients required for increased production of milk.
Nuuitional needs and responses to nutritional manipulation of bST -supplemented cows ]owual of Dairy Science Vol. 74 . No . 11. 1991 3918 BAUMAN have been reviewed (18, 19, 20) . Results from numerous studies are uniform and demonstrate that current feeding and management recommendations for lactating dairy cows also apply to those receiving bST. Nutritional needs for maintenance. milk production, pregnancy, and replenishment of body reserves over a lactation cycle for a cow producing 10,000 kg of milk! yr are the same as for a cow that achieved 10,000 kg because she received bST.
Obtaining a milk: response to bST supplement does not require special diets or unusual feed ingredients. In fact, substantial milk responses have been observed on diets ranging from pasture to the more typical forage and concentrate diets used in the US (18, 20, 61, 68) . We would expect, with current costs of feed ingredients in the US , that use of bST will, on average, lead to a predictable increase in the energy density of the diets used (increased ratio of concentrate: forage). This is because income over feed cost increases with level of milk: production even though the cost for higher energy ingredients is greater. However, this technology will have potential application over a wide range of diets because bST increases milk. yield even when pasture is the only dietary ingredient.
Reproductive performance is of special interest in terms of bST effects on reproductive variables such as conception rate (services per conception), pregnancy rate (proportion of cows becoming pregnant), and days open (days from parturition to conception). Normally, variation in reproductive variables is large. Effects of bST supplementation are small enough that large data sets are needed to allow definitive conclusions. Several reviews have summarized many of the studies with regard to reproductive variables (31, 65, 71) . In general, these summaries indicate that bST supplementation results in a decrease in pregnancy rate, but conception rate is not altered. For example, the sununarization (>3000 cows) by Ferguson and Skidmore (31) found that pregnancy rate was 89.2% for controls and 81.2% for bSTsupplemented cows (bST dose ranged from 5 to >200 mg/d). Days open also has a general pattern across studies of an increase of a few days in bST-supplemented cows.
The changes in pregnancy rate and days open cited for bST-supplemented cows involved studies that were following manageJournal of Dairy Science Vol. 74 , No . II. 1991 ment practices to achieve a 12-to 13-mo calving interval. Thus, period of breeding (commencing 50 to 60 d postpartum) generally would have coincided with the early period of bST supplementation when milk yield had increased, but voluntary intake had not yet changed (i.e., cows would be in a lower energy balance). It is well established that changes in pregnancy rate (decrease) and days open (increase) are associated with increases in milk yield (16) . The biological basis is the inverse relationship between level of milk production and energy balance that occurs at this early stage of lactation. Thus, the decrease in pregnancy rate and the increase in days open with bST supplementation are to be expected. To examine the impact of milk yield, Ferguson and Skidmore (31) analyzed their multi-study data by logistic modeling to control confounding factors. They found that the decrease in pregnancy rate was related to the increase in milk yield rather than to the dose of bST. Similarly, Hard et al. (39) summarized a series of studies that had a similar design and found that days open increased by 5 in the bSTsupplemented group. However, when data were stratified by level of milk yield, days open did not differ between controls and bSTsupplemented cows (39) . Thus, effects of high milk yield on reproductive performance are the same regardless of bST use.
Calving interval for optimal economic return for US dairy farms probably will increase with bST supplementation. Although traditional wisdom has been that a 12-to 13-mo calving interval maximizes profit, careful analysis shows that a number of factors can affect this (41) . In the case of bST supplementation, not only does milk yield increase, but persistency also is improved. Thus, it is logical that the calving interval for optimal economic return may be substantially increased when bST is used. Ferry (32) modeled the effects of 12-and 14-mo calving intervals on a herd basis and concluded that, with bST use, income over feed cost was considerably increased with a 14-mo calving interval. More extensive modeling , which included factors such as veterinary costs and replacement values, yielded a similar conclusion [(82; Skidmore, unpublished].
Extending the calving interval also has some benefits on cow physiology. Increasing calving interval improves conception rate (85) , probably as a consequence of the nutritional status of the cows as discussed earlier. In addition, the majority of health problems and veterinary costs for dairy cows occur during the first 45 d postparrum (27) . Thus, increasing the calving interval reduces health problems and costs whether considered on an annual basis for a herd or on the basis of days of lifetime for an individual cow. We would expect that optimal calving interval with bST use would differ between the US and other countries, particularly those having a seasonal supply of feedstuffs and a beef industry largely based on the offspring of dairy cows. Overall, the actual calving interval that optimizes economic return will vary according to a number of management and economic factors, but a major component will be the magnitude of milk response and the shift in lactation persistency that occurs with bST use.
Genetic evaluation of sires might be affected by use of bST if an interaction between genotype and milk response to bST occurs or if bST is preferentially used to manipulate sire proofs. Several studies have examined the former and concluded that there is no evidence of a genotype-response interaction in bSTsupplemented cows (35) . Preferential use of technology to manipulate dairy records selectively occurs currently in the dairy industry, as is clearly evident by the bias in proofs of noo-AI-proven bulls (28) . Potential for bias from the use of bST is similar and can be handled by the use of records that are properly coded, use of AI-proven sires, or both (28, 35) . It also is anticipated that the rate of genetic progress may increase in a bST environment because variance increases as average milk production increases (28) .
Milk CompOSition
Gross composition of milk (fat, protein, and lactose content) is not substantially altered because of bST supplementation (4, 18, 60, 68, 87) . However, some lay articles erroneously claim that bST supplementation alters the gross composition of milk (25, 33, 53, 75) . Milk components have been examined in most bST production trials (>200 trials). There can be minor changes, primarily in fat content of milk, dwing the first few weeks of bST supplementation as the cow's metabolism and voluntary feed intake adjust. However, these changes are temporary and minor when compared with variations normally occurring over a lactation cycle. Although the lactose content of milk is relatively constant, the content of fat-and, to a lesser extent-protein, normally varies widely because of many factors, including genetics, breed, stage of lactation, age, diet composition, nutritional status, environment, and season (57). As would be expected., these factors (e.g., stage of lactation, diet, nutritional status) affect the fat and protein content of milk in an identical manner in bSTsupplemented and untreated cows (4, 18, 68) .
The temporary shift in milk fat that can occur during the first few weeks of bST supplementation relates to nutritional status (9, 18, 68) . Cows in negative energy balance produce milk with a higher fat content because of a greater reliance on lipids mobilized from body fat stores. Indeed., when bST -supplemented cows are in negative energy balance, milk fat content may temporarily increase. This is most likely to occur · when bST supplementation is initiated prior to 100 d postpartum when cows are typically in a lower energy balance. However, even dwing this period, the extent of the cow 's negative energy balance with bST supplement is still substantially less than that which typically occurs in the first 8 wk of lactation.
Composition of milk lipids is an important consideration because of its impact on nutritive value, flavor characteristics, and manufacturing properties. Studies have demonstrated that fatty acid composition and cholesterol content of milk are not altered by bST (4). Even when cows are in negative energy balance, the typical shifts in milk fat composition toward a pattern of longer chain, unsaturated fatty acids also are observed for bST-supplemented cows. Similarly, there is a substantial change in fatty acid composition due to stage of lactation, and this shift also is observed in bST-supplemented cows.
Composition of milk proteins has been examined in over a dozen studies because of the impact on functiooal properties of milk used in the manufacturing of dairy products (4, 87). For casein, results have demonstnited that the content and composition (a-casein, j3-casein, lC-casein) are not altered by bST supplementa-BAUMAN tion. Some studies have indicated that casein, as a percentage of true protein, is unchanged with use of bST, whereas others have observed a small decrease (often nonsignificant). The same changes in casein occurred with stage of lactation in both untreated and bSTsupplemented cows. One short-teml study reported a small increase in a-lactalbumin content of milk in bST -supplemented cows, but trus was not observed in long-term studies. We would expect the NPN content of milk from bST-supplemented cows to show the same variation related to nutritional status as observed for Wltreated cows. Some COWl tries routinely test NPN levels in bulk milk. as a management tool for farmers to evaluate the protein adequacy of their nutritional program (73) .
Mineral content and composition of milk: from bST-supplemented cows has been examined in both short-and long-term studies involving large numbers of cows (4, 87) . Results unifonnly have demonstrated that bST does not alter ash (total mineral content) or the milk: content of any nutritionally important mineral. There is only one published report on the vitamin content of milk; milk. from bSTsupplemented cows did not differ in content of any vitamin (vitamin A, thiamine, riboflavin, pyridoxine, vitamin B 12, pantothenic acid, or choline) except for a slight increase in biotin (87), The increase in biotin content of milk: is too small to be considered a benefit; biotin, a member of the B vitamin family, is widely distributed in plant and animal food products and also is synthesized in the intestine of humans.
Manufacturing characteristics of milk: have been investigated in a smaller number of studies, but results have been consistent and demonstrated that milk from bSTsupplemented cows did not differ from that of Wltreated cows (4, 87) , These evaluations of milk have included freezing point, pH, alcohol stability, thermal properties, proteases, lipases, susceptibility to oxidation, and sensory characteristics, including flavor. Similarly, no differences were observed in cheese-making properties, including starter culture growth, coagulation, acidification, and syneresis, or in the yield, composition, or sensory properties of the various resulting cheeses.
Minor constituents of milk: include hormones such as estrogen, progesterone, glucoJournal of Dairy Science Vol. 74, No. 11, 1991 corticoids, thyroid hormones, prolactin, and growth factors. Trace concentrations of bST also occur normally in milk, but this is not appreciably altered when cows receive exogenous bST (43, 77, 87) . The level of bST in milk is only a small fraction of the blood concentration. Only when blood concentrations of somatotropin are increased about 30-fold by a provocative dose of bST does one obtain a small, but significant, increase in milk concentration of bST (77) . This lack of an appreciable change in milk concentration of bST when physiological doses of exogenous bST are administered is consistent with the fact that mammary epithelial cells appear to lack receptors for somatotropin (21) . Pasteurization of milk results in 85 to 90% destruction of the inunWloreactive quantities of bST (36) .
A portion of the biological actions of somatotropin may be mediated by insulin-like growth factor-I (IGF-I) (9, 68) . This protein hormone, a member of the somatomedin family, normally occurs in trace levels in milk. Administration of bST to dairy cows results in an increase in the amoWlt of IGF-I in milk, but the levels are still within the range typically observed in early lactation of untreated cows and less than that fOWld in human milk. (43, 77, 87) . Similar to results with bST, studies with laboratory animal models have demonstrated that IGF-I has no biological activity if administered orally (43).
Mechanism of Action
Somatotropin is a homeorhetic controller that shifts the partitioning of nutrients so that more are used for milk synthesis (9, 68, 89) . Thus, effects are primarily, perhaps exclusively, on directing the use of absorbed nutrients. This involves coordinating the metabolism of various body organs and tissues. These orchestrated changes in tissue metabolism involve both direct effects on some tissues (e.g., adipose, liver) and indirect effects mediated by somatotropin-dependent somatomedins (e.g., IGF-I) for other tissues (e.g., mammary).
Physiological processes that are altered with bST treatment are summarized by tissue in Table 1 (9) . These coordinated tissue responses involve the metabolism of all nutrient classes ~arbohydrates, lipids, proteins, and minerals. It is during the initial period of bST use, when milk yield has increased but intake has not, that the adjustments in metabolism are major and of critical importance. Overall, mammary uptake of all milk precursors increases while metabolism of other body tissues is altered simultaneously SO that a greater proportion of nutrients can be used for milk synthesis. The same adjustments in metabolism occur in genetically superior cows, and, thus, it is not surprising that high producing cows have higher blood levels of bST than inferior ones (68) .
Glucose homeostasis provides a clear example of the coordinated responses that occur with bST treatment of lactating cows (9) . With bST use, glucose production by the liver increases, and its oxidation by body tissues decreases. Overall, these changes quantitatively are sufficient to account for the extra glucose required for milk synthesis by bSTtreated cows. Without such adaptations, ketosis could occur, but this has not been observed.
Lipid metabolism provides a second example of the coordination occurring with bST supplementation (9. 68. 89). Effects on lipid metabolism vary according to the animal's energy balance. When bST treatment causes cows to be in negative energy balance, lipid mobilization is increased, as shown by decreases in body fat, chronic elevation of circulating NEF A, and increases in milk fat percentage and the proportion of long-chain fany acids in milk. Under such conditions, use of body fat reserves is increased to an extent related to the degree of negative energy balance and quantitatively equal to increases in BAUMAN fatty acid oxidation and secretion of long-chain fatty acids in milk. This increased reliance on NEFA as metabolic fuel facilitates the reduction in glucose oxidation. When bST -treated cows are in positive energy balance, lipogenesis by adipose tissue is decreased., and body fat mobilization , milk fat percentage, and milk fatty acid composition are unaffected. The magnitude of the reduction in lipogenesis is a function of amount of excess energy available. With chronic bST use, lipid metabolism gradually readjusts as voluntary intake increases. Thus, typical replenishment of body reserves can occur during lactation under a wide variety of dietary conditions (9, 18, 19, 20) .
Alterations in tissue response to homeostatic signals are an important component of the adaptations that occur with bST (9, 89). When viewed in the context of whole animal metabolism, changes in response to homeostatic signals represent an exquisite coordination of metabolism ( Table 1) . The reduction in ability of insulin to inhibit hepatic glucose synthesis and to stimulate glucose use by peripheral tissues represents a series of coordinated responses whereby more glucose can be used for milk synthesis while preserving the ability of the animal to maintain glucose homeostasis. Similarly, adipose tissue response to acute signals that stimulate fat synthesis (e.g., insulin) is reduced, whereas the response to homeostatic signals that affect rates of fat mobilization is enhanced (e.g., stimulation by catecholamines, inhibition by insulin). Overall, this results in a net reduction .in body fat accretion during the initial period of bST treatment so that nutrients can be diverted for milk synthesis.
Health and Stress
Catastrophic health effects have been postulated to occur with bST supplementation of dairy cows. Ketosis, fatty liver, and chronic wast.ing were all proposed as possible side effects of bST use (13, 50) . Lay articles added crippling lameness, milk fever, mastitis. infertility, heat .intolerance, sickness, suffering. and death to the list of adverse health claims (25, 33, 52, 74, 75, 76, 97) . These postulated catastrophic effects were not based on actual data but rather on the preswnption that bST was an acute effector of lipolysis or overtly caused stress.
Journal of Dairy Science Vol. 74 , No. II . 1991 Metabolic disorders would be most likely to occur during the first few days of bST use (i.e., increased milk prior to change in voluntary intake). Suffice it to say, these catastrophic health effects have not been observed in any of the short-or long-term studies, with dairy cows going back to the very first bST study in 1937. They were not even observed in chronic toxicity studies (24, 65) or in acute toxicity studies in which dairy cows were given 30,000 mg of bST over a 2-wk period., an amount approximately equal.ing that which would be administered in four lactations (90) . Nor were adverse effects observed in studies in which inadequacies in the overall quality of the management program resulted in negligible milk response to bST supplementation as previously discussed. An increase in ketones (a possible indicator of subclinical ketosis) was reported in one earlier study involving two cows given bST for 9 or 10 d (49). However, that pituitary-derived preparation was contaminated with other hormones (49, 50, 51) , and this work has not been verified in acute or chronic studies using larger numbers of cows treated for longer periods with a wider dose range of purified bST [see references in (9, 18, 71, 90) ]. Thus, bST treatment does not alter the normal relationship between blood ketones, blood NEF A, and energy balance.
Catastrophic effects on disease incidence also have been proposed. Lay articles have claimed that bST will reduce resistance to infectious and contagious diseases and thereby increase sickness and suffering in dairy cows (25, 33, 75, 76, 97) . Incidence of disease generally is very low in dairy cows, and a thorough evaluation of these claims will require extensive summarization across studies to obtain a large data set. However, from the hundreds of investigations with bST, I could not locate a single study that observed the lower milk yield and decreased productive efficiency that would be associated with any increase in sickness and suffering. In addition, studies in basic biology actually have demonstrated the opposite of those lay article claims. Somatotropin plays a key role in several aspects of maintaining irrunune competence [see review by Kelley et al. (45) ] Inununity and disease resistance are compromised in laboratory animals and humans deficient in somatotropin, and somatotropin supplementation enhances immune competence. Thus far, these basic biology studies have not been extended to lactating cows, but Burvenich et al. (15) demonstrated that cows receiving bST treatment recovered more rapidly from experimentally induced Escherichia coli mastitis.
Stress is more difficult to evaluate, but, in this instance, there are several indices that clearly demonstrate that such claims are unfounded. First, if dairy cows Were stressed and suffering adverse health effects. they would produce less milk and be less efficient. The scientific literature is consistent and contains several hundred studies utilizing bST in which all observed the opposite effect (i.e .• increased milk. yield and productive efficiency). The duration of bST use in these studies has ranged from a few weeks to over four successive lactations. Although a multitude of physiological variables Were monitored relative to stress, there are none that as effectively documents the normalcy of bST -supplemented cows as do the persistent gains in milk yield and productive efficiency throughout the treatment period. Second, if an animal is stressed or suffers adverse health effects, energy expended as heat will be greater than expected. One exogenous agent that has this effect is thyroprotein. which causes about a 20% increase in the heat expenditure for maintenance (11) . Recent studies spanning positive to negative energy and nitrogen balances have demonstrated clearly that bST has no effect on the energy expended for maintenance or for partial efficiency of milk synthesis (46, 79. 86) .
Subtle health effects require examination of "large numbers of animals treated under a range of environmental and management conditions" (23) . A complete summarization of individual studies done throughout the world is beyond the scope of this review. Many have appeared as abstracts in the last 2 yr and have not yet been published. However. these summarizations are required of companies seelcing approval and are used by regulatory agencies in their evaluations. Phipps (71) did an impressive job of summarizing a substantial portion of the studies conducted through 1988. His summarization showed that the indices of animal health for bST -supplemented animals were similar to controls and consistent with literature values for cows at similar level of milk. production. Variables studied included physical examinations. bone radiography. blood chemistry. metabolic disorders, subclinical ketosis. udder health. and welfare of the treated cows as well as the health, growth. and performance of their offspring.
Subtle effects on the incidence and duration of mastitis will be of special interest. Major factors affecting the incidence of mastitis include the milking management and herd health programs. However, incidence of mastitis and milk see also are correlated positively with milk yield [see reviews (70, 72, 81) ]. Effects are quite small and amount to an annual increase of approximately .4 cases per cow for each 1000 kg of genetic gain in milk yield. Thus, it will take very large numbers of cows to detect and evaluate whether subtle effects, independent of milk. yield response, occur with the use of bST. Phipps (71) summarized the incidence of clinical mastitis across studies totaling over 1300 cows and found that the relative incidence of mastitis was not affected by bST supplementation. Summaries of larger data sets also should evaluate the impact of bST treatment on duration of mastitis. Given the results of Burvenich et al. (15) , which demonstrated that recovery time to experimentally induced mastitis is reduced in cows receiving bST supplement, it is of interest to see whether the same beneficial effects of bST supplement are observed for naturally occurring cases of mastitis under field conditions.
MAJOR BREAKTHROUGHS NEEDED Public PerceptIon
Public perception is of paramount importance if bST or any new technology is to be implemented effectively. For a new agricultural technology to be used, it must be understood and perceived as safe and beneficial by both the farmers, who would utilize it and by the consumers, who would purchase the agricultural products. Public discussion of new technologies is appropriate and necessary, and there has been substantial discussion of bST in the print and electronic media. Unfortunately. much of the discussion has lacked a factual basis. This is, in part, because bST is new and different In addition, agricultural extension programs traditionally have focused on practical application of technology to individual sit-BAUMAN uations and have, therefore, initiated education programs only after a new technology was approved and available for commercial use.
Public discussion of bST, to date, has been controversial and in large part focused on responding to misinfonnation from individuals who are i.Il-infonned, anti-technology, or against the use of animals for food production. Some of the misinfonnation claims regarding bST seem designed to cause fear rather than to raise genuine public discussion. Examples are the preposterous claims by Epstein (26) that bST would lead to antibiotic-resistant infections in the general population, create infections in man similar to AIDS, and increase carcinogens in milk and cancer in man. In some cases, the misinfonnation appears to stem from an ignorance of animal agriculture and biology as evidenced by the article of Hansen (38) for the Consumer Policy Instirute, which claims that antibiotics routinely are added to animal feeds and that heavy doses of antibiotics are required because dairy cows are stressed. In some cases, the misinfonnation claims appear to have motivation other than a concern about bST technology. For example, Rifkin (74, 75, 76) has received substantial media coverage of his "concern" for survival of the small dairy farmer and the clJ..im that bST is anti the family farm. Yet this reported concern is difficult to reconcile with the conclusion of one of his foundations (Greenhouse Crisis Foundation) that livestock farmers are the major source of land, air, and water pollution and its recommendation that consumers minimize or eliminate consumption of all food products derived from animals.
Wisconsin and Minnesota have established a moratorium on the use of bST for the purpose of allowing for the education of consumers and dairy producers. This clearly shows the importance of public perception, because it is highly unusual to have a moratorium established for a technology that has not yet received approval to be used.
In response to human health and safety concerns and requests from the public and from governmental officials, several groups with medical or biological expertise have evaluated the implications of bST use for lactating dairy cows. Again, this emphasizes the importance of public perception, because it is unique to have a technology undergo evaluation by such groups prior to its acrual approval for commercial use. These groups have included a Journal of Dairy Science Vol. 74, No. II, 1991 Technology Assessment Conference by National Instirutes of Health (63), the State Medical Society of Wisconsin (83), a review for the American Medical Association (22), a review for The Endocrine Society (95) , and a review by the American Council on Science and Health (1) . All reached the same conclusion on human safety as the FDA: m.ilk and meat from bST -treated cows is safe and poses no health hazard for humans.
From a historical perspective, the need for education and a concern over public perception are not un.ique for a new technology. Dairy technologies such as pasteurization and homogenization of milk., AI, DHI testing, milking machines, and bulk tanks are but a few examples of past technologies that were favored by some groups and criticized by others (54) . Even the use of fear tactics rather than scientific facts was similar to the current debate on bST. For example, some special interest groups argued that pasteurization would adulterate milk., lead to an unsafe product, and result in the downfall of the dairy industry. Similarly, some consumer and producer groups claimed that AI would destroy the dairy industry. The arguments that Tobe (84), a consumer advocate, made about AI over 20 yr ago are almost identical to those of today. He stated the calves that are born today are the offspring of masturbated bulls . . . and cows are being insemioated with diluted semen which defeats oarure's selectivity and allows inferior spermatozoa to fertilize ovum. Instead of improving the spec ies as scientists would like to believe. this practice acrually results in an inferior. decadent.. degenerative species. And it is upon these degenerate beasts that we rely for oar supply of milk. . .. Any man or woman who stands before you and claims that cow's milk is a right and proper food for human beings is either ont of his mind. has not thoroughly investigated the truth or is a tool for those commercial interests who seek: to exploit you and others and ma.k:e money through your use of their products.
Needless to say, a long history of the use of these technologies provides no evidence to support such arguments; indeed, the evidence is qu.ite to the contrary.
INSTITUTIONAL ARRANGEMENTS
Research in the technology of bST has involved scientists and financial support from federal agencies (National Science Foundation. National Institutes of Health, USDA), state agricultural experiment stations, and private industry. This extensive collaboration, both in the US and worldwide, has been of great value in developing an understanding of the biology of somatotropin and the biology of lactation. To date, the num~r of publications regarding somatotropin probably is unprecedented for an animal technology that is not yet approved for commercial use and substantially greater than for many dairy technologies that are in current use.
Some claim that extensive cooperation has totally compromised the quality and value of the research with bST. Kronfeld (51, 52, 53, 96, 97) has claimed that academic and government scientists pander to industry and are "indentured" and "biased" because of this association. Rifkin (75, 76) and Epstein (25) have quoted Kronfeld and echoed these claims, repeatedly suggesting that the reporting of data has involved exclusion of sick cows and the suppression and deletion of adverse or negative results observed with bST supplementation of lactating cows. Although these individuals offer no specific documentation of scientific fraud, such claims are not to be taken lightly. One certainty for scientists is that their results will be examined and repeated by others. As a consequence of the extensive cooperation and publication of results, bST studies have involved over 20,000 dairy cows, and results have been verified not only by numerous groups of university, government, and industry scientists in the US but also by scientists throughout the world. The claims of Kronfeld. Rifkin, and Epstein imply a worldwide conspiracy involving over a thousand animal scientists in academia, government. and industry and hundreds of dairy farmers involved in the bST experiments. The realistic possibility of such a conspiracy defies belief and raises questions about the motives of those making such claims.
TIMING OF COMMERCIAL INTRODUCTION Approval for Commercial Use
Commercial use of bST requires approval by the FDA, and, until this occurs, bST cannot be sold legally. Currently. bST is under review by the FDA, and federal law prohibits disclosure of proprietary information on a drug under review. However, companies interested in bST have been relatively open about the fact that they are seeking approval and have published a considerable quantity of their own proprietary research. This extensive disclosure of information on a drug while it is under review is a rare occurrence. In order for bST to be approved by the FDA, each company wishing to market the product must prove that it is effective and safe (78) . Effectiveness simply involves proving that it does what the company claims. The safety evaluation involves three areas: safety of the animal food products for humans, safety of the bST-supplement to the target animals, and safety of using bST to the environment. In addition, each company must prove to the FDA that its manufacturing process can produce bST to consistent and acceptable quality standards.
In 1984, the FDA had sufficient scientific information to make the determination that the milk and meat from bST-supplemented cows were safe for human consumption (78) . Thus, these animal products could be marketed during the remainder of the investigational period. The scientific basis for the FDA conclusion that milk and meat of bST-supplemented cows are safe for human consumption included extensive published literature and unpublished studies (43, 78) . Specific items included the following:
1. Bovine somatotropin is a protein that is digested enzymatically like any food protein when consumed orally. 2. Bovine somatotropin elicits none of the biological actions of somatotropin in humans even if it were accidentally injected. This is a unique situation in which substantial data exist showing the lack of effects in humans treated with a new animal drug. 3 . A trace level of bST naturally occurs in milk, but this level is not appreciably altered in cows receiving bST supplement. 4 . The overall nutrient composition of milk is not altered by bST treacment. The minor changes that can occur in the first few weeks of treatment because of shifts in nutrient balance are temporary and well within the normal variation encountered over the course of a lactation.
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Many countries are at a similar stage as the US in that bST is under review for conunercial use by the appropriate regulatory agencies. The regulatory agencies for 22 countries have completed the human safety evaluations and concluded that the milk and meat from bSTtreated cows are safe for human consumption. As of July 1990, a few countries had completed all facets of their review and registered bST for conunercial use (Soviet Union, Czechoslovakia, Bulgaria, Mexico, Brazil, and South Africa).
Consideration 01 Milk Labeling
Some have suggested that all food products derived from the milk of cows supplemented with bST should be labeled as such in the market place (25) . The basis for this suggestion appears to relate to a concern about the safety of the products for human consumption, and there are several aspects needing further consideration.
• MILl<
• MAINTENANCE Journal of Dairy Science Vol. 74, No . 11, 1991 First, is there scientific merit or basis for labeling? It seems unconscionable to handle a valid concern for consumer safety by indicating that concern with labeling the food product. On the one hand, if there is a valid safety concern, then no labeling is needed, because the food should not be marketed for human consumption. On the other hand, if the current regulatory system to evaluate food safety is inadequate, then the system should be changed rather than accepting the inadequacy with the dubious practice of food labeling. Because bST is a technological product with the potential for worldwide application, food safety evaluations similar to that of the FDA have been conducted by analogous regulatory agencies in many other countries. To the best of this reviewer's knowledge, all of these regulatory groups have reached an identical conclusion on human safety, and the milk. from bST -treated cows is allowed to be marketed during this phase of the experimental testing.
The second consideration is verification. An effective labeling program requires development and adoption of appropriate regulations and establishment and funding of a system for implementation and verification. In the case of bST, the scientific literature offers no insight as to any test that could be used to distinguish milk from bST -supplemented cows. The FDA is not aware of any technology that could be used to distinguish the milk of bSTsupplemented cows (43, 78) . Indeed, the lack of any change in milk composition was one aspect in the human safety evaluation by FDA and analogous regulatory agencies in other countries. Thus, there is no known means to identify specifically milk coming from cows receiving bST supplement.
POTENTIAL PRIMARY IMPACT Productive ENlclency
Gains in productive efficiency (milk per unit of feed) with bST supplementation occur because the proponion of feed nutrients used for maintenance is reduced . This is illustrated in Figure 2 for a cow that produced 6818 kg of milk and exhibited a 20% response in milk to bST supplementation (6) . From bioenergetic studies, previously discussed, it has been established that the nutrient requirements for maintenan~c and per unit of milk are not altered by bST administration. The cow receiving bST has a greater total nutritional requirement because she is producing more milk. (Figure 2 ). However, she has a higher productive efficiency because maintenance represents a smaller proportion of total nutrient intake.
Increasing efficiency by reducing the proportion of nutrients used for maintenance is also the basis for the gains achieved with other dairy technologies, including genetic selection, AI, embryo transfer, dietary formulation and nutritional management, herd health and reproduction programs, improvements in milking practices, mastitis control, and the treatment of sick animals (5, 6). Bovine somatotropin is not magic. The only difference is that the magnitude of gain is unprecedented. For example, the gain in productive efficiency obtained with bST supplementation would take 10 to 20 yr to achieve using a combination of AI (semen from superior sires) and embryo transfer (Table 2). One technology that would rival bST in magnitude of gain relates to manunary health. If mastitis could be eradicated, the increase in milk yield per cow and productive efficiency probably would be even larger than that achieved with the use of bST.
The impact of the productive efficiency gain on savings in dairy cattle feed would be substantial. Although the milk. response to bST on an individual farm will vary according to quality of management as previously discussed, a reasonable expectation would be that successful adopters would experience an average gain of 12%. Asswning 100% adoption and applying this increase to produce the same quantity of milk as produced in the US in 1988 (29) , the savings in dietary energy with bST supplementation would be energetically equivalent to 2.5 x 10 9 kg of com grain, and the savings in dietary protein supplement would be equivalent to 5.6 x 10 7 kg of soybean oil meal ( Table 3) . These savings in feedstuffs would represent maximal estimates because commercial adoption of new technology is gradual and rarely approaches 100%. 3Based on nutrient requirements for dairy cows averaging 650 kg of body weight and producing milk of 3.5% fat content (64) .
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Environmental Impact
Environmental pollution would be reduced with bST use as a result of the gain in productive efficiency that occurs. One aspect of this relates to the substantial reduction in feed required to produce the same quantity of milk with a resulting reduction in erosion fertilizer and other inputs associated with ~roducing:
harvesting, processing, and storing of dairy feedstuffs. A second facet involves animal excreta. Using the assumptions in the previous section, fecal waste would be reduced 6 x 10 9 kg if bST were used to achieve the same quantity of milk as was produced in the US for 1988 (Table 3) . Similarly, the productive efficiency gains with use of bST supplement would result in an annual reduction of 8 x 10 9 L of urine and 8 x 10 7 kg of urinary N (fable 3).
Ruminants also produce methane, a gas having a strong greenhouse effect. Cattle produce about 7% of the global methane emission~ (17) . Because of the gain in productive effiCIency when bST is used, methane production by a dairy cow would be reduced 5.5% per unit of milk produced. Using the quantity of milk for 1988, this amounts to an annual reduction of 8 x 1010 L of methane in the US (Table 3) .
It should be noted that some have concluded that the use of bST would increase environmental pollution because manure and methane production per cow would increase (25, 34, 74, 75 ). This conclusion is erroneous because it does not consider the yield of milk Produ.ction of manure by an individual dairy cow IS related to her feed intake and thus would be minimal for a given diet if she were giving no milk (i.e., consuming only sufficient nutrien~ for m~tenance). However, a dairy farmer IS m busmess to produce milk. Altho~gh. ~roduction of manure and methane by ~ mdivldual cow increases as her milk yield mcre~ses, the amount of animal waste per unit of milk would be substantially reduced.
Dairy Industry Impact
The initial economic analysis of the impact of bST was by Kalter et al. (44) . These workrs used a wide range of scenarios because tmportant facets of the biology of somatotropin were unknown (e.g., scenarios for both an Journal of Dairy Science Vol. 74 . No. 11. 1991 increase in voluntary intake with no change in nutrient density of the diet versus no change in voluntary intake, thereby requiring an increase in nutrient density of the diet) . Since that time, there have been approximately 100 economic studies involving almost every developed country on the impact of bST (29, 30, 94) . Most have reached similar conclusions except for the few studies that have used erroneous assumptions [e.g., the extra milk. produced required no additional nutrients (67)].
Several of the more extensive economic analyses have included modeling effects by ge.ographic region for different milk. support pnce and milk market order scenarios (29, 30, 80) . Results indicate that regardless of the policy scenario, bST has little effect on the relative size of dairy farms or the regional location of milk production. When viewed at a national level, use of bST simply reinforced, but did not fundamentally change, dairy industry trends of increased milk production per cow, reduced total number of cows, declining darry farm numbers, and shifts in regional production patterns. When viewed at the farm level, bST technology is size-neutral. That is , there is essentially no economy of scale associated with the ~echno1ogy . Use of bST requires no capital mvestment, and the rerum (increased milk) occurs immediately. The claim in lay articles that bST is anti the small farm (74, 75 , 76 ) is misleading. Use of bST could prove profitable for all SIZeS of commercial dairy farms (29, 30, 94) . However, milk. responses to bST are dependent on the quality of management, and, thus , it is anti poorly managed farms. Poorly managed farms include those on which animal. s m~y .be stressed, underfed, or experience high mCldence of health disorders such as mastitis. Thus, similar to other current technolog!es that improve productive efficiency of darry cows, the farms that are at an economic disadvantage and will receive little benefit from bST are those that are poorly managed regardless of size .
. Milk: production costs (per unit of milk) will be lowered for dairy fanners who successfully use bST. In 1989, the US supply of milk was inadequate, but, for most of the decade milk supply was in excess of demand (66) : However, the price received by fanners as well as government costs and benefits in consumer fcxxi prices depend, in large part, on the flexibility of the dairy price support program and market dynamics (29, 30, 80) . Possible social impacts of bST or other new technologies on farm commWlities that could occur as a result of the decline in cow numbers (dairy farms) and the reduction in feed required (crop farms) are very much affected by US agricultural policies and programs (29, 30, 80) . Thus, it is essential that US agricultural programs be designed so that the gains from bST and other new technologies can be shared fairly between dairy producers and consumers, and the impact on the farm community can be consistent with long-range US agricultural policies.
International Competitive PosItion
The US ranked fifth highest in the most recent milk production cost estimates (excluding subsidies) of seven major milk-producing cOWltries (3). Under the international trade rules that existed in the previous decade, use of bST or othl'<r technologies would have had little effect on US competitiveness in the world dairy industry (30, 59) . During that interval, most developed cOWltries subsidized their dairy industries, restricted imports, and subsidized exports.
In the last 2 yr, the international dairy market has Wldergone substantial changes toward a freer trade environment. If these changes continue, the US will find itself at a considerable disadvantage if bST is used in competing cOWltries but not in the US (29, 59 ). Thus far. regulatory agencies for six COWl tries have completed their evaluations and approved bST for commercial use as previously discussed. However, most cOWltries are at a stage similar to the US in that the potential for commercial use is still Wlder evaluation.
Consideration of food production from a global perspective will become of even greater importance in the future inasmuch as world population is estimated to double in the next 40 yr. One can calculate that the amoWlt of food needed over the next 40 yr is equal to the arnoWlt of food previously produced in the history of hwnankind. Clearly, the development and use of new technologies that are safe and environmentally sOWld to improve the efficiency of animal and plant production are of major importance for the future.
